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(57) ABSTRACT 
A method for fabricating preforms for drawing into 
single mode optical fibers having core and cladding 
doped with different amounts fluorine. A pure fused 
silica start rod is first coated with a layer of soot which 
is then dehydrated, doped with a first level of fluorine, 
and then consolidated. This structure, which is an inter 
mediate preform, is then drawn down until its area 
weighted average index of refraction is such that it 
would perform as a core in a fiber. If not, it is recoated 
and drawn down further until it will behave as a core 
upon further reduction in size. The intermediate pre 
form is then recoated with another layer doped with a 
higher concentration of fluorine so that it will act as a 
cladding layer over the first fluorinated layer whose 
index is higher because of a lower concentration of 
fluorine. This final structure serves as a preform from 
which the desired fiber can be drawn. 

10 Claims, 4 Drawing Figures 
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4,579,571 1. 

METHOD FOR FABRECATING OPTICAL FIBER 
PREFORMS 

BACKGROUND OF THE INVENTION 
This invention in general relates to dielectric wave 

guides, and in particular to a method for fabricating 
glass preforms from which optical communications 
fibers can be drawn. 
The use of optical fiber as a medium for transmitting 

high volumes of information over large distances is now 
a well-established practice known throughout the com 
munications industry. In fact, the performance of opti 
cal fibers has improved so steadily since the possibility 
of their use for communications purposes became evi 
dent in 1966 that some believe that they could displace 
conventional copper wire based systems as early as the 
turn of the century. This rapid progress has been due 
largely to developments in materials identification and 
in methods for fabricating fiber. 

Optical fibers are thin filaments of glass having a 
central region of high index of refraction, or high effec 
tive index of refraction where the index varies, sur 
rounded by a sheath or cladding region of lower index, 
a structure which causes optical radiation properly 
injected into the fiber end to propagate along the length 
of the fiber and emerge from the distant end. 
The performance of optical fibers for communica 

tions is chiefly determined by optical loss or attenuation 
and by dispersion. Losses are caused by absorption, 
scattering, and imperfect geometry or structural defects 
and dispersion, which causes a smearing of light pulses 
leading to noise, is of two types. One type of dispersion 
is a change in refractive index with wavelength due to 
the material itself, and the other is referred to as modal 
dispersion which is due to differences in the optical path 
lengths for different transmission modes. 
For optical fibers to be competitive with copper wire 

based systems in transmitting high data rates over long 
distances, they must have low transmission losses and 
produce but low signal distortion. In order to obtain 
such high quality optical fibers, extremely pure glasses 
are required since even traces of certain impurities such 
as Fe or Cu increase the attenuation drastically. And, in 
order to have wide band transmission, it is necessary to 
carefully control the refractive index profile and the 
material dispersion in the fiber since it determines in 
large part the distortion of the signals transmitted along 
the fiber. 
To meet these requirements, those skilled in the art 

have developed various techniques by which optical 
fibers can be successfully fabricated. These techniques 
are, by and large, based upon the formation of silica 
based glass from appropriate glass precursor vapors. 
Techniques used have been the soot process (U.S. Pat. 
No. 3,711,262 and U.S. Pat. No. Re.28,029); the modi 
fied chemical vapor deposition process (U.S. Pat. No. 
4,217,027); and the vapor axial deposition process (U.S. 
Pat. Nos. 3,966,446; 4,135,901 and 4,224,046). As a re 
sult of these processes and improvements to them, opti 
cal fibers are now routinely fabricated in commercial 
processes with losses less than two db/km in certain 
parts of the optical region of the spectrum. 
One example of a significant improvement over pro 

cesses which relied on the external deposition of soots 
from vapor phase precursors to form preforms from 
which fibers are drawn was to reduce the inherent hy 
droxyl ion (OH) content to levels sufficiently low not to 
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2 
present a problem of undue absorption in the wave 
length regions of interest. Prior to this improvement, it 
was known that a successful fiber of low attenuation 
required that the hydroxyl ion content had to be below 
a few parts per million because of the existance of unde 
sirable OH absorption at overtones of the fundamental 
stretching vibration of OH which centered around 2.8 
microns. These overtones give rise to absorptions at 1.4 
microns and 970 and 750 nm and thus interfere with a 
transmission band of interest in glass. Thus, the OH ion 
which was ever present in such processes had to be 
precluded from the final fiber if low transmission losses 
were to be achieved. The elimination of the OHion was 
a particularly vexing problem for the industry because 
of its presence in undesirable quantities in most of the 
vapor phase processes. To solve this problem, chlorine 
has been used as a drying agent to remove the OH ion 
from preforms made from flame hydrolysis as shown 
and described in U.S. Pat. No. 3,933,454. Fluorine has 
also been proposed as a drying agent as shown and 
described in U.S. Pat. No. 4,065,280 and as a dopant in 
a fiber for purposes of reducing hydroxyl ion content as 
shown and described, for example, in U.S. Pat. No. 
4,441,788. In addition, fluorine has been used to reduce 
cladding index (U.S. Pat. No. 4,082,420). 
To improve transmission bandwidth, those skilled in 

the art chose to use single mode fibers rather than multi 
mode fibers because the use of single mode fibers elimi 
nated or virtually eliminated dispersion manifested as 
pulse spreading due to differences in optical path length 
between the various modes propagating in a multimode 
fiber and to material dispersion as well. 

Initial fabrication of single mode fibers was of the 
step index type in which the core was of uniform index 
of refraction and the cladding was primarily of a uni 
form lower index of refraction. Early fibers comprised 
silica cores with doped claddings of, for example, boro 
silicate and later fluorosilicate. Later fibers included 
undoped cores of, for example, germania silicate and 
silica claddings. However, these designs presented man 
ufacturing problems because of the high temperatures 
necessary to process deposited pure silica. 
The later fibers included germania silicate cores and 

phosphosilicate claddings. Phosphorus in the cladding 
simplifies the manufacturing process because it lowers 
the melting temperature of silica. Furthermore, the 
removal of boron from the fiber, whose presence like 
wise simplifies manufacturing due to lowered melting 
temperatures, avoids the relatively low wavelength 
infrared absorption edge associated with borosilicate 
glasses. 

In spite of the many innovations made in this art, 
improved fiber material structures and manufacturing 
processes are still needed to assure low loss and low 
dispersion which, in turn, translate into long distances 
between repeaters and to high telecommunications ca 
pacity. Accordingly, it is a primary object of the present 
invention to provide a method for fabricating preforms 
from which single mode optical fiber of low attenuation 
and dispersion and favorable characteristics for fabrica 
tion can be drawn. 

It is another object of the present invention to pro 
vide an efficient method by which high volumes offiber 
can be drawn. 
Other objects of the invention will, in part, be obvi 

ous and will, in part, appear hereinafter. The invention 
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accordingly comprises the steps exemplified in the de 
tailed disclosure which follows. 

SUMMARY OF THE INVENTION 

This invention in general relates to the fabrication of 
optical fibers suitable for communications applications 
and in particular to a method for efficiently fabricating 
preforms from which such optical fibers can be drawn. 
The method of the invention for fabricating such 

preforms begins with depositing a porous soot of high 
purity silicon dioxide on a starting rod, preferably of 
pure fused silica. This soot is then dehydrated and after 
words exposed to an atmosphere containing fluorine to 
further reduce its water content and fill its pores with 
fluorine. The soot is then consolidated to a solid layer of 
fluorine doped silicon dioxide over the starting rod to 
form an intermediate preform. 
This intermediate preform is then reduced in cross 

sectional area by drawing until the area weighted aver 
age index of refraction of the material of the starting rod 
and that of the solid fluorinated layer reaches a value 
which would allow the intermediate preform, once 
drawn down to core size and surrounded by an appro 
priate cladding, to function as a fiber core. In this size 
reduction, several redraws may be needed thus requir 
ing that additional solid fluorinated layers be added to 
arrive at the correct cross-sectional geometry which 
satisfies the index value needed for a core. Obviously, 
these added layers are to be laid down in the same man 
ner as the first layer, and the process, instead of yielding 
only one intermediate preform, leads to a number of 
them depending on specific mechanical constraints. 
Each intermediate preform is then provided with at 

least one other layer of soot that is deyhdrated, doped 
with fluorine and consolidated as before except that the 
second level of fluorine doping is higher so as to reduce 
the other layer index of refraction below that of the 
intermediate preform so that, when the final preform in 
drawn into a single mode fiber geometry, propagation 
will be supported. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The novel features that are considered characteristic 

of the invention are set forth with particularity in the 
appended claims. The invention itself, however, both as 
to its steps and sequence of operation, together with 
other objects and advantages thereof, will be best un 
derstood from the following description of the illus 
trated method when read in connection with the accom 
panying drawings wherein like numbers have been em 
ployed in the different figures to denote the same parts 
and wherein: 
FIG. 1 is an enlarged diagrammatic cross-section of 

the structure of an optical fiber which can be fabricated 
using the method of the present invention; 
FIG. 2 is a diagrammatic perspective which illus 

trates apparatus by which a step of the inventive 
method can be practiced; 
FIG. 3 is a diagrammatic cross-sectional elevation 

illustrating apparatus useful in carrying out other steps 
of the invention; and 
FIG. 4 is a flow chart showing various steps of the 

inventive method. 

DETALED DESCRIPTION 

This invention relates to a method for efficiently 
fabricating preforms from which optical fibers, particu 
larly those doped with fluorine, can be drawn. 
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4. 
An example of a single mode, fluorine doped optical 

fiber that the method of the present invention is particu 
larly useful in fabricating is shown in cross-section of 
FIG. 1 where the fiber is designated at 10. As seen 
there, the fiber 10 comprises a core 12 surrounded by a 
cladding 14. The core, in turn, includes an outer thick 
layer 16 which surrounds a central region 18 that is very 
small compared to the layer 16. The area weighted 
average index of refraction of the layer 16 and the cen 
tral region 18 is a predetermined value selected in a 
well-known manner to be higher than that of the clad 
ding 14 so that the fiber 10 supports single mode propa 
gation at its operating wavelength which nominally is 
preferably at 1.34 micrometers more or less. 
At the preferred operating wavelength of 1.34 mi 

crometers, the average index of refraction of the core 12 
is preferably between 1.4454 and 1.4446 while the clad 
ding index is lower by between 0.0035 and 0.0069 index 
units such that the numerical aperture of the fiber 10 is 
between 0.1 and 0.2. 
The nominal core diameter is approximately 8.0 mi 

crometers while that of the cladding 14 is approxi 
mately 125 micrometers more or less, 

Fiber 10 is drawn in a conventional manner from a 
preform that is fabricated utilizing the method to be 
described such that its core and cladding (12 and 14) are 
substantially free of hydroxyl ions, its viscosity is low so 
that it can be drawn at low temperatures, and its mate 
rial dispersion is small. 
The composition of the core thick outer layer 16 is 

pure fused silica lightly doped with fluorine to reduce 
its hydroxyl ion content, lower its viscosity, and mini 
mize its material dispersion. For these purposes, the 
amount of fluorine present in the outer layer 16 is pref. 
erably within the range of 0.2 to 0.4 mole percent. The 
core central region 18 is quite small, a micrometer or 
less, and is preferably composed of pure fused silica. 
For the preferred range of index of the cladding 14, 

its material composition is also of pure fused silica con 
taining a base level of fluorine, within the range of 0.2 to 
0.4 mole percent, and an additional level between the 
range of 0.8 and 1.61 mole percent. The base level is 
there for the same reasons that the same amount of 
fluorine is added to the core layer 16, and the additional 
level is present to reduce the index of refraction to be 
within the preferred range. 
The method to be used to fabricated a preform or, 

more correctly, a plurality of preforms from which the 
fiber 10 can be drawn may best be understood by refer 
ring now to FIGS. 2, 3 and 4. 
The method begins by first supporting a starting rod 

20, preferably of pure fused silica of low water content, 
for rotation about and translation along its longitudinal 
axis. The diameter of the starting rod 20 is conveniently 
5 millimeters, but may be some other size if required. 

Next, a porous soot 22 of silicon dioxide (SiO2) is 
deposited on the outside of the starting rod 20 via an 
outside vapor deposition method (OVD) by burning 
silicon tetrachloride (SiCl4) in an oxygen-hydrogen 
flame 24 that is produced in front of a burner nozzle 26 
which is directed at the starting rod 20 as it is translated 
and rotated in a well-controlled way to assure that the 
porous soot 22 builds up uniformly as a homogeneous 

aSS 

After deposition of the soot 22 to a thickness of sev 
eral centimeters, the starting rod 20 with the deposited 
soot is removed and the porous soot, now a cylinder of 
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soot, is placed in a dehydration and consolidation fur 
nace such as that shown at 28 in FIG. 3. 
As seen, furnace 28 comprises a capped quartz tube 

30 which has a gas inlet 32 at the bottom and a double 
apertured, removable, cap 34 at its top. One of these 
apertures in the tube cap 34 (say 36) serves as a gas 
outlet and preferably is a pressure relief type. Through 
its otheraperture (38) extends the tail end of the starting 
rod 20 so that it may be manipulated from outside the 
quartz tube 30 to lower and rotate the soot 22. 
A heater 40 with glow bars 42 surrounded by a heat 

insulating box 43 defined as zone along the quartz tube 
30 (between dotted lines 44 and 46) in which the tem 
perature inside of the tube 30 can be elevated and low 
ered as needed in a controlled and known way. 
With the porous soot 22 in the furnace 28, a gas con 

taining chlorine is introduced into the tube 30 and the 
soot 22 is lowered slowly into the furnace hot zone, 
bounded by the dotted lines 44 and 46, until the temper 
ature of the soot 22 is within the range of 1,000 C. to 
1,200 C. for a predetermined time sufficient to drive 
out, from end to end, substantially all of its water con 
tent. 

After this dehydration step, the soot 22 is raised clear 
of the hot zone and the chlorine flow is stopped. Then 
fluorine is introduced into the tube 30 by way of a suit 
able fluorine containing compound or in elemental form 
(F2) and is diffused throughout the pores of the soot 22 
while the soot is again lowered into the furnace through 
the hot zone slowly from end to end at a temperature of 
approximately 1,450° C. This step virtually eliminates 
the hydroxyl ion content of the soot 22. The partially 
fluorinated (0.1-0.2 mole percent) soot cylinder is then 
subjected to further heat treatment in a fluorine and 
helium containing atmosphere to coalesce or sinter the 
soot cylinder into a solid compacted cylinder without 
any voids. 
This solid compacted cylinder is then an intermediate 

preform which is then drawn down to reduce the area 
of the core rod 20 and that of the solid fluorinated layer 
over it until the area weighted average index of refrac 
tion of the two materials is such that the intermediate 
preform will behave as a single mode fiber core if fur 
ther drawn down and surrounded by a suitable cladding 
layer. 

If the average index of refraction, because of mechan 
ical limitations, cannot be achieved by drawing down 
the intermediate preform only once, additional layers of 
soot may be deposited, dehydrated, fluorinated, and 
sintered as before until the correct average index is 
achieved upon drawdown. Of course, this requires cut 
ting up the original intermediate preform into segments 
and treating each separately until the desired result is 
achieved. However, nothing is lost in doing this because 
each segment can be utilized in the further steps of the 
method. 
The intermediate preform or, as the case may be each 

intermediate preform segment, is then provided with at 
least one other layer of porous silicon dioxide soot in 
the manner described above, and this other layer of soot 
is then dehydrated, doped with fluorine and consoli 
dated as before except that this second level of fluorine 
doping is higher so that the index of refraction of this 
other layer is below that of the intermediate preform so 
that, when this final preform is drawn into a single mode 
fiber geometry, propagation will be supported. 
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6 
Having done this, one has a preform or a plurality of 

preforms from which the fiber 10 can be drawn in a 
conventional manner. 
As an example, one could start with a rod of silica 5 

millimeters in diameter and one meter long and then 
deposit soot until its diameter reached 50 millimeters. 
This would then be dehydrated, doped with fluorine 
and consolidated to get a cylinder of 25 millimeter di 
ameter assuming a volume reduction of 2 to 1 from soot 
to sintered solid. 

This is then drawn down by a ratio of 5 to 1 to get 
(25) one meter long intermediate preforms in which the 
start rod diameter is 1.0 millimeter and the fluorine 
doped layer outside diameter is 5 millimeters. 
On each one of these, deposit 50 millimeters of soot 

fluorinated at the cladding level for fluorine and then 
consolidate as before. These are drawn down again by 5 
to 1 to get (25) on meter cylinders each with a 0.2 milli 
meter diameter start rod center, a 1 millimeter core 
diameter and a 5 millimeter diameter clad layer. 
Each of these then has the clad layer built up as be 

fore to, say a 10.0 millimeter diameter and drawn down 
by a factor of 2 to 1 to get four cylinders with a 0.1 
millimeter diameter start rod center, a 0.5 millimeter 
diameter core and a 5 millimeter clad layer. 
Each of these is built up as before so that the clad 

layer diameter is 12.5 millimeter and drawn down by a 
100 to 1 ratio to get 25,000 kilometers of fiber in which 
the start rod diameter is 1 micrometer, the core is 5 
micrometers and the cladding 125 micrometers. 

Thus, it can be appreciated by way of the illustrative 
example that this method efficiently yields a high vol 
ume of communications quality fiber. 
Moreover, the fiber 10 is comprised of a core which 

is lightly doped with fluorine and therefore, because of 
the dehydration properties of fluorine, has a low OH or 
water content, thereby providing it with extremely low 
loss characteristics on the order of less than 0.1 db/km 
at the wavelength at which it will be operated. The 
small difference in index between the core and the clad 
ding also permits the numerical aperture to be relatively 
small, thereby maximizing the core size, a desirable 
property for a single mode fiber. In addition, the clad 
ding also containing fluorine doping is of extremely low 
loss quality and it is believed that both fluorine cladding 
and core have low material dispersion characteristics 
therefore making the structure an ideal candidate for 
high bandwidth transmission. Moreover, with the rela 
tively large core radius, requiring but a small index 
difference between core and cladding, the contribution 
to dispersion due to the waveguide geometry at the 
operating wavelength is minimized and approaches that 
due to material dispersion alone which, in this case, is 
already minimal compared with the base pure fused 
silica. 

It will be obvious to those skilled in the art that other 
changes may be made in the above-described method 
without departing from the scope of the invention. 
Consequently, it is intended that all matter contained in 
the above description or shown in the accompanying 
drawings shall be interpreted as illustrative and not in a 
limiting sense. 
What is claimed is: 
1. A method of fabricating a glass preform from 

which optical fibers can be drawn comprising the steps 
of: 
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depositing on a starting rod a coating of porous glass 
soot of homogeneous composition and low water 
content; 

dehydrating said coating of soot to reduce its water 
content; 

fluorinating said coating of soot with a given concen 
tration and partial pressure of fluorine while at an 
elevated temperature to remove water remaining 
after said dehydration step and to fill the pores of 
said soot with fluorine; 

consolidating said fluorinated soot on said starting 
rod to form an intermediate preform with a solid 
glass layer doped with a predetermined percentage 
of fluorine; 

reducing the cross-sectional area of said intermediate 
preform and adding additional solid fluorine-con 
taining layers according to the sequence above as 
required until the area weighted average index of 
refraction of said starting rod material to said fluo 
rine doped layer, or layers subsequently added to 
said intermediate preform, is a predetermined value 
such that said intermediate preform upon further 
drawing under a predetermined draw down ratio 
will act as an optical fiber core when surrounded 
by a cladding having an index of refraction which 
in combination with said average index will sustain 
waveguiding action; 

depositing on said intermediate preform at least one 
other coating of porous glass soot of homogeneous 
composition and low water content; 

dehydrating said other coating of soot to reduce its 
water content; 

fluorinating said other coating of soot with a given 
concentration, lower than said first concentration, 
and partial pressure of fluorine while at an elevated 
temperature sufficient to remove any water re 
maining after dehydrating said other soot coating 
and to fill the pores of said other soot coating with 
a level of fluorine which, after consolidation of said 
final soot, results in a solid fluorinated layer having 
an index of refraction lower than that of said solid 
fluorinated layer of said intermediate preform; and 

consolidating said final soot on said intermediate 
preform to form over said intermediate preform a 
solid glass layer whose index of refraction is lower 
than the area weighted average index of refraction 
of said intermediate preform. 

2. The method of claim 1 wherein both of said dehy 
drating steps comprise the step of heating said coatings 
of soot in a chlorine containing atmosphere. 

3. The method of claim 2 wherein said heating is 
sufficient to raise and maintain said soot coatings at a 
temperature within the range between 1,000 C. and 
1,200 C. 

4. The method of claim 1 wherein said consolidation 
steps comprise the step of sintering said fluorinated 
coatings of soot from one end to the other. 

5. The method of claim 1 wherein said first fluorine 
level and said cross-sectional reduction in area of said 
intermediate preform is such that said predetermined 
value for said area weighted average index of refraction 
is within the range between 1.4454 and 1.4446. 

6. The method of claim 5 wherein said lower concen 
tration of fluorine is such that said other solid layer has 
an index of refraction that is lower than said average 
index of refraction by between 0.0035 and 0.0069. 

7. The method of claim 1 further including, just prior 
to said area reduction step, determining if said interme 
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8 
diate preform average index of refraction is said prede 
termined value and, if not, dividing said intermediate 
preform into a plurality of segments and proceeding 
with said method, treating each of said segments as an 
intermediate preform until each of said segments has an 
area weighted average index of refraction which satis 
fies said predetermined value. 

8. The method of claim 1 wherein said start rod com 
prises pure silicon dioxide. 

9. A method of fabricating a glass preform from 
which optical fibers can be drawn comprising the steps 
of: 

depositing on a starting rod of silicon dioxide a coat 
ing of porous glass soot of homogeneous composi 
tion and low water content; 

dehydrating said coating of soot to reduce its water 
content; 

fluorinating said coating of soot with a given concen 
tration and partial pressure of fluorine while at an 
elevated temperature to remove water remaining 
after said dehydration step and to fill the pores of 
said soot with fluorine; 

consolidating said fluorinated soot on said starting 
rod to form an intermediate preform with a solid 
glass layer doped with a predetermined percentage 
of fluorine; 

drawing down said intermediate preform and repeat 
ing the first five steps if necessary starting with said 
intermediate preform until the area weighted aver 
age index of refraction of said starting rod material 
to said fluorine doped layer, or subsequent layers, 
added to said intermediate preform is a predeter 
mined value such that said intermediate preform 
upon further drawing will act as an optical fiber 
core if surrounded by a cladding having the neces 
sary index of refraction to promote waveguiding 
action; 

depositing on said intermediate preform at least one 
other coating of porous glass soot of homogeneous 
composition and low water content; 

dehydrating said other coating of soot to reduce its 
water content; 

fluorinating said other coating of soot with a given 
concentration, lower than said first concentration, 
and partial pressure of fluorine while at an elevated 
temperature sufficient to remove any water re 
maining after dehydrating said other soot coating 
and to fill the pores of said other soot coating with 
a level of fluorine which, after consolidation of said 
final soot, results in a solid fluorinated layer having 
an index of refraction lower than that of said solid 
fluorinated layer of said intermediate preform; and 

consolidating said final soot on said intermediate 
preform to form over said intermediate preform a 
solid glass layer whose index of refraction is lower 
than the area weighted average index of refraction 
of said intermediate preform. 

10. A method of fabricating a single mode optical 
fiber comprising the steps of: 

depositing on a starting rod a coating of porous glass 
soot of homogeneous composition and low water 
content; 

dehydrating said coating of soot to reduce its water 
content; 

fluorinating said coating of soot with a given concen 
tration and partial pressure of fluorine while at an 
elevated temperature to remove water remaining 
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after said dehydration step and to fill the pores of depositing on said intermediate preform at least one 
other coating of porous glass soot of homogeneous rine: a said soot with fluorine; composition and low water content; 

consolidating said fluorinated soot on said starting dehydrating said other coating of soot to reduce its 
rod to form an intermediate preform with a solid 5 water content; 
glass layer doped with a predetermined percentage fluorinating said other coating of soot with a given 

concentration, lower than said first concentration, 
of fluorine and partial pressure, of fluorine while at an ele 

reducing the cross-sectional area of said intermediate vated temperature sufficient to remove any water 
preform and adding additional solid fluorine-con- 10 remaining after dehydrating said other soot coating 
taining lavers according to the sequence above as and to fill the pores of said other soot coating with 

g lay 8. q a level of fluorine which, after consolidation of said 
required until the area weighted average index of final soot, results in a solid fluorinated layer having 
refraction of said starting rod material to said fluo- an index of refraction lower than that of said solid 
rine doped layer, or layers subsequently added to 15 fluorinated layer of said intermediate preform; and 

consolidating said final soot on said intermediate 
preform to form over said intermediate preform a 
solid glass layer whose index of refraction is lower 

said intermediate preform, is a predetermined value 
such that said intermediate preform upon further 
drawing under a predetermined draw down ratio than the area weighted average index of refraction 
will act as an optical fiber core when surrounded 20 of aid intermediate preform to form said preform; 

al by a cladding having an index of refraction which 
o w drawing down said preform into a single mode opti in combination with said average index will sustain cal fiber. 

waveguiding action; k k x 2k sk 
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